Purpose: The objective of this study is to evaluate the therapeutic response to a novel monoclonal antibody targeting human extracellular matrix metalloproteinase inducer (EMMPRIN) in combination with gemcitabine in a pancreatic-tumor xenograft murine model by sequential 2-deoxy-2-[18F]fluoro-D-glucose ( 18 F-FDG) positron emission tomography/computed tomgraphy (PET/CT) imaging. Procedures: Four groups of SCID mice bearing orthotopic pancreatic tumor xenografts were injected with phosphate-buffered saline, gemcitabine (120 mg/kg BW), anti-EMMPRIN antibody (0.2 mg), or combination, respectively, twice weekly for 2 weeks, while 18 F-FDG PET/CT imaging was performed weekly for 3 weeks. Changes in mean standardized uptake value (SUV mean ) of 18 F-FDG and volume of tumors were determined.
Introduction

P
ancreatic cancer is a highly malignant disease and the fourth leading cause of cancer death in the USA [1] .
Pancreatic cancer patients present minor symptoms for a medical evaluation [2] , and the silent nature of this disease until late in the disease process contributes to the poor survival outcome. For over a decade, gemcitabine has been the first-line treatment in patients with advanced and metastatic pancreatic cancer [3] . While combination therapy with radiation and gemcitabine demonstrated a modestly improved survival benefit for patients with localized unresectable pancreatic cancer over gemcitabine alone [4] , no improvement has been presented for additional chemotherapeutic agents such as cisplatin, irinotecan, 5-fluorouracil, capecitabine, oxaliplatin, pemetrexed, or exatecan [5] [6] [7] [8] [9] [10] . Among the newer approaches, human epidermal growth factor receptor (EGFR) and vascular endothelial growth factor (VEGF) were investigated as biologic therapy for pancreatic cancer. Data from a phase III clinical trial showed statistically significant survival improvement with erlotinib (a small molecule targeting EGFR) and gemcitabine versus gemcitabine alone [11] , but the clinical usefulness of this combination remains unclear due to the limited improvement in survival. Monoclonal antibodies targeting EGFR (cetuximab) or VEGF (bevacizumab) alone or in combination with gemcitabine have proven ineffective [12, 13] .
A novel therapeutic approach for pancreatic cancer is to target the extracellular matrix metalloproteinase inducer, EMMPRIN, also known as CD147. EMMPRIN is a membrane-bound surface glycoprotein playing a key role in tumor progression [14] . EMMPRIN is implicated in the upregulation of matrix metalloproteinases (MMPs) from surrounding fibroblasts and tumor cells [14, 15] . MMPs have been shown to be associated with the development of the desmoplastic reaction and promotion of tumor cell invasion [16] . Further, EMMPRIN might stimulate tumor angiogenesis by increasing the expression of VEGF and MMP in the neighboring fibroblasts and epithelial cells in a paracrine manner [17] . EMMPRIN stimulates tumor neovascularization through stimulating VEGF isoforms and their receptor VEGFR-2 by stimulating hypoxia-inducible factor [18, 19] . Pancreatic cancer expresses one of the highest levels of EMMPRIN in any tumor type, and EMMPRIN is present in 87% of pancreatic adenocarcinomas which is second only to head and neck squamous cell carcinoma [20] . The high level of surface expression in pancreatic cancer cells suggests that EMMPRIN is a good candidate for targeted therapy.
Tumor responsiveness to anti-EMMPRIN antibody can potentially be determined by noninvasive imaging, allowing individualized (i.e., patient-specific) therapy and thus more favorable therapeutic outcomes. Positron emission tomography (PET) using 2-deoxy-2-[
18 F]fluoro-D-glucose ( 18 F-FDG) has been gaining importance in assessing tumor response to anticancer drugs with reasonable accuracy [21] [22] [23] ; 18 F-FDG, the most commonly used PET imaging agent, accumulates in cells in relation to the rate of glucose metabolism, which is typically greater in tumor cells than in normal cells. 18 F-FDG uptake can be semiquantified by standardized uptake value (SUV) with reasonable reproducibility, enabling serial 18 F-FDG-PET imaging study for evaluation of therapy [21] . 18 F-FDG-PET imaging for prognosis of primary pancreatic cancer following radiotherapy or chemotherapy has been validated [24] [25] [26] [27] [28] [29] .
The goal of the current study was to determine the early therapeutic efficacy of the novel anti-EMMPRIN antibody alone or in combination with gemcitabine using 18 F-FDG PET and contrast-enhanced computed tomography (CT) in an orthotopic murine pancreatic cancer model.
Materials and Methods
Reagents and Cell Lines
All reagents were from Fisher (Pittsburg, PA) unless otherwise specified. Purified monomeric monoclonal anti-EMMPRIN antibody (mouse origin IgG1 K) was provided by Dr. Tong Zhou (UAB, Birmingham, AL). Purified mouse IgG1 isotype control antibody was bought from Southern Biotech (Birmingham, AL). Fresh Tc-99m pertechnetate was purchased from Birmingham Nuclear Pharmacy (Birmingham, AL).
18 F-FDG was purchased from PETNET Solutions (Birmingham, AL). The human pancreatic cancer cell line, MIA PaCa-2, was a gift from Dr. M. Hollingsworth (University of Nebraska, Omaha, NE). MIA PaCa-2 cells highly express EMMPRIN [30] . MIA PaCa-2 cells were cultured in DMEM (Mediatech Inc, Herndon, VA) supplemented with 10% fetal bovine serum (Hyclone, Logan, UT). Omnipaque TM (iohexol, 350 mg/mL, GE Healthcare Inc., Princeton, NJ) was purchased from the University of Alabama at Birmingham Hospital Pharmacy.
Cell Viability Assay
In vitro cell viability assays was conducted with anti-EMMPRIN antibody alone or in combination with gemcitabine; a total of 1,000 cells was added to each well of 60-well plates (5 rows × 12 columns). The EMMPRIN agonist antibodies were diluted to five different concentrations (0, 10, 100, 1,000, 3,000 ng/mL) and were added to 12 wells per gemcitabine concentration (same concentration at each row). Thereafter, gemcitabine was added to the six columns of cells in the well plate to yield a concentration of 30 nM in each well. After 24 h of incubation at 37°C in 5% CO 2 , the ATP level was determined using the ATP lite assay (Perkin Elmer, Boston, MA). The light emission from the wells of the plates was measured using an IVIS-100 imaging system (Caliper Life Sciences, Hopkinton, MA) and quantified using the vendor software. The luminescent exposure time was 60 s, whereas binning was 8 s. The field of view was 15 cm and the f-stop 1. Regions of interest (ROIs) were drawn manually around the area of each individual well in the well plate, and the intensity of light emitted from each ROI was measured. Data were normalized to light emission of an equal number of untreated cells otherwise incubated under the same conditions as the treated cells.
HYNIC Conjugation and Radiolabeling
6-Hydrazinonicoinate (HYNIC) conjugation and radiolabeling were conducted for in vivo single photon emission computed tomography (SPECT) imaging and the biodistribution study. A fresh 1.8 mM solution of succinimidyl-HYNIC (courtesy of Dr. Gary Bridger, AnorMED Inc., Langley, British Columbia) in dimethylformamide was prepared. Forty picomoles were transferred to glass vials, followed by freezing at −90°C, then the solutions were vacuum-dried using Advantage Benchtop Freeze Dryer (Virtis Co. Inc., Gardiner, NY) with the shelf temperature at −75°C and trap at −90°C. The vials were sealed under vacuum and kept frozen at −80°C until use. Each vial was reconstituted with 1.0 mL of sodium phosphate buffer [0.15 mol/L (pH 7.80)] containing 1 mg of antibody (HYNIC/antibody molar ratio = 6). After a 3-h incubation at room temperature, the mixture was transferred to Slide-A-Lyzer dialysis cassette having molecular weight cutoff of 10,000 (Pierce, Rockford, IL) and then immersed into 1,000 mL of phosphatebuffered saline (PBS; pH 7.4) overnight at 4°C. The radiochemical yield was about 60%. The HYNIC-modified antibody was labeled with Tc-99m using SnCl2/tricine as the transfer ligand [31] , and the unbound Tc-99m was removed by G-25 Sephadex size exclusion chromatography. The protein concentrations of the collected fractions were measured by Lowry assay [32] . The Tc-99m-labeled anti-EMMPRIN antibody was greater than 95%, as measured by TLC using separate strips developed with saline and methyl ethyl ketone.
Animal Modeling
Animal experiments were reviewed and approved by the Institutional Animal Care and Use Committee. Six groups of female SCID BALB/c mice (NCI-Frederick Animal Production Program, Fredrick, MD, 5∼7 weeks old, n=5 for groups 1 and 2, n=6 for groups 3-6) were used. The procedure for intrapancreatic tumor implantation was the following: a 1-cm incision was made in the left upper quadrant of the abdomen of anesthetized mice, and a suspension of 2.5×10 6 MIA PaCa-2 cells in 40 μL of DMEM was injected into the tail of the pancreas. The skin and peritoneum were closed in one layer with three interrupted 5-0 Prolene sutures. Dosing of drugs or radiolabeled antibodies and imaging were initiated at 21 days after cell implantation for all groups. To assess specific tumor uptake of anti-EMMPRIN antibody, groups 1 and 2 were injected with Tc99m labeled isotype control antibody (1.33±0.04 MBq (mean ± SE), 8.83 ± 0.53 μg) and anti-EMMPRIN antibody (3.15 ± 0.18 MBq, 8.31±1.07 μg), respectively, at 21 days after the implantation of the tumor cells; SPECT/CT imaging was performed at 4 h after dosing, while the biodistribution study followed at 24 h after dosing. Groups 3-6 were intraperitoneally injected with PBS (serving as control), gemcitabine (120 mg/kg BW), anti-EMMPRIN antibody (0.2 mg), or a combination of gemcitabine and antibody, respectively. Anti-EMMPRIN antibody was administered on days 21, 23, 28, and 31, while gemcitabine was administered on days 21 and 28. One animal of group 3 was euthanized at day 28 after cell implantation due to excess tumor burden. PET/CT imaging was performed on days 21, 28, and 35 for groups 3-6. At day 35, all tumors of groups 3-6 were collected, and TUNEL and Ki67 staining were performed. All animals were anesthetized using isofluorane gas (1∼2%) during imaging.
SPECT/CT Imaging
SPECT/CT imaging was performed using X-SPECT, a SPECT/CT dual-modality imaging instrument (Gamma Medica, Inc., Northridge, CA) to monitor the distribution of Tc-99m-labeled anti-EMMPRIN antibodies in vivo. For SPECT imaging, a total of 64 projections (matrix, 56×56 per projection) were acquired with a 50-90-s acquisition time per projection, using a pinhole collimator with a 1-mm tungsten pinhole insert (focal length, 91.3 mm). The field of view was 47.9 mm, while the radius of rotation was 35 mm (magnification, ×2.6). Images were reconstructed using an ordered subsets expectation maximization algorithm (eight subsets and 20 iterations). The 4th-order Butterworth digital filter (fc=0.25, fm= 0.15) provided with the vendor software were applied for all SPECT images to enhance the image quality. The isotropic spatial resolution (full-width half-maximum) of the reconstructed SPECT images was 1.3 mm. For the CT system, the X-ray tube was operated at a voltage of 50 kVp and an anode current of 0.6 mA. Two hundred fifty-six projections were acquired to obtain the CT images, and acquisition time per projection was 0.5 s. The coregistration of SPECT and CT images was performed using vendorsupplied computer software. A 60-W heat lamp warmed the animal bodies while they were under anesthesia. The same color scale was applied to all SPECT images after correction for radioactive decay and the injected activity.
Biodistribution Study
Tumor, liver, and blood were collected from each animal of groups 1 and 2 at 24 h after radioactivity injection. Those samples were weighed, and the Tc-99m activity was measured using a calibrated gamma-ray counter (MINAXIγ Auto-gamma® 5,000 series Gamma Counter manufactured by Packard Instrument Company, Downers Grove, IL) and corrected for radioactive decay to the time of injection. The administered activity for each mouse was determined by measurements of the dosing syringe before and after injection with an Atomlab 100 dose calibrator (Biodex Medical Systems, Shirley, NY). Tissue activity concentrations (in percent of the injected dose per gram, %ID/g) and tumor-to-blood activity concentration ratios were derived.
PET/CT Imaging
PET/CT imaging study was conducted using Triumph, a PET/CT dual-modality imaging system (GE, Northridge, CA), to monitor tumor response following anti-EMMPRIN therapy with/without gemcitabine. For PET, this system provided a 2.2-mm axial spatial resolution and 5.9% sensitivity at the center of field of view, while the axial field of view was 37.5 mm [33] . Animals were fasted overnight (17-21 h) prior to FDG injection. Three animals were imaged per hour and 12 animals per day, with imaging performed on two consecutive days in a given week. Animals were imaged in a consistent order in each day to minimize the variation of the time of fasting, and the averaged standard error of the time of fasting was 13±2 min (mean ± SE).
18 F-FDG (3.5-4.4 MBq in 200 μL PBS) was administered intravenously, and a 7-min scan was performed at 100 min after injection. Animals were under isoflurane anesthesia during dosing (∼5 min) and imaging (∼10 min); the animal cages were heated with a heating pad (T/ Pump, Gaymar Industries, Inc., Orchard Park, NY) set to 42°C and started at 1 h before 18 F-FDG injection and continued until the imaging of all animals was completed. The temperature of the animal bed in the Triumph scanner was maintained to 37°C during imaging. PET images were reconstructed with maximum likelihood expectation maximization algorithm (five iterations) in high-resolution mode. For contrast-enhanced CT imaging, 0.2 mL of iohexol was intraperitoneally injected right before PET imaging. The voltage of X-ray tube was 75 kVp and the anode current was 0.11 mA. The axial field of view was set to 78.9 mm, while 256 projections were acquired in fly gantry-motion mode. The CT acquisition time was 1.07 min per each animal. The co-registration of PET and CT images was performed using ImageJ version 1.40 g (National Institutes of Health, Bethesda, MD). The tumor area was manually segmented from the co-registered contrast-enhanced CT images based on the signal-intensity difference between the ROI and background. In PET images, the SUV was calculated by SUV ¼ ðC Â W Þ=D, where C is tissue activity concentration (MBq/mL), W is animal body weight (g), and D is the administered dose (MBq). On day 21, the averaged tumor SUV mean of groups 3-6 was 2.0±0.2 g/mL (mean ± SE), and the averaged tumor volume was 238±38 mm 3 (mean ± SE).
Histologic Analysis
TUNEL and Ki67 staining of each tumor tissue in groups 3-6 were performed with the same procedure as reported previously [34] . Two digital microphotographs were taken for each tumor slice that had undergone TUNEL or Ki67 (×200) staining, using a SPOT camera on an Olympus 1×70 microscope (Olympus Optical Co., Tokyo, Japan) interfaced with personal computer and SPOT software. The apoptotic (TUNEL) or proliferating (Ki67 expressing) cells were segmented by the signal-intensity difference between the target cells and background in each photograph, while the intensity threshold and minimum particle size were determined manually. Then, the target cells were counted, and the cell density (cell number/mm 2 ) was calculated. The cell densities of the two photographs for each tumor slide were averaged. The image analysis was performed using ImageJ, version 1.40 g (National Institute of Heath, Bethesda, MD).
Statistical Analysis
One-way ANOVA [35] was carried out using SAS, version 9.2 (SAS Institute Inc., Cary, NC) to compare %ID/g of tumor, blood, and liver together with tumor-to-blood ratio between groups 1 and 2. ANOVA was also used to compare the densities of TUNEL-and of Ki67-staining cells in tumors among groups 3-6, while Bonferroni correction was applied to adjust p values for multiple comparisons [35] . SPSS version 16.0 (SPSS Inc., Chicago, IL) was employed to compare tumor SUV mean and volume changes over 2 weeks of groups 3-6 using two-way repeated measures ANOVA [36] , while the Pearson correlation coefficient was used to analyze the relationships between two variables [37] . p values less than 0.05 were considered significant. Data are presented as mean ± SE (standard error).
Results
The in vitro ATP lite assay demonstrated cytotoxicity of anti-EMMPRIN therapy in combination with gemcitabine. Figure 1 shows the in vitro viability of MIA PaCa-2 cells following overnight treatment of anti-EMMPRIN antibody in escalating concentration with/without gemcitabine (30 nM). Anti-EMMPRIN monotherapy presented about 40% killing efficacy at 3,000 ng/mL, while gemcitabine induced additive efficacy of 10-20%.
SPECT imaging and biodistribution analysis confirmed the specific retention of Tc-99m-labeled anti-EMMPRIN antibody in the orthotopic pancreatic-tumor xenografts. Figure 2 shows representative in vivo SPECT/CT fused images (coronal view) of two mice bearing orthotopic pancreatic tumor xenografts at 4 h after injection of (a) Tc99m-anti-EMMPRIN antibody or (b) Tc-99m-isotype control antibody, respectively, with the same color scaling after injected dose and decay corrections, and (c) %ID/g of tumor, liver, and blood of groups 1 and 2. The tumor locations are indicated with white arrows in Fig. 2a and b . From the biodistribution study, the %ID/g in tumor, liver, and blood of group 2 were 26.9±3.4, 9.0±1.4, and 5.8±8.1, respectively, while those of group 1 were 6.2±0.4, 7.7±0.7, and 6.1±0.3, respectively. The tumor retention of group 2 was significantly higher than that of group 1 (pG0.001), while no difference was detected for the levels in liver and blood (p9 0.05). The tumor-to-blood ratio of group 2 was 2.60±0.62, which was also significantly higher than that of group 1 (0.52±0.10; p=0.01).
18 F-FDG PET and CT imaging corroborated the substantial therapeutic efficacy of anti-EMMPRIN antibody and synergetic efficacy when combined with gemcitabine. Figure 3a shows representative contrast-enhanced CT (CE-CT), 18 F-FDG PET, and PET/CT fused images of a mouse bearing an orthotopic pancreatic tumor xenograft. White arrows indicate tumor locations in each subfigure. Figure 3b and c shows the tumor SUV mean and volume changes, respectively, for 2 weeks after therapy initiation of groups 3-6, normalized to the values on day 21, while groups labeled with different Greek letters are statistically different (pG 0.05); that is, group labeled with "α" is statistically different from that with "β," but not different from that with "α, β." The tumor SUV mean of group 6 decreased 25±8% for 2 weeks, whereas those of groups 3-5 increased 134±61%, 60±32%, and 43±30%, respectively, during the same time; that of group 6 was significantly lower than those of groups 3-5 (pG0.05), but no difference was detected among groups 3-5 (p90.05). In Fig. 3c , the tumor-volume increase of group 6 was 35±8% for 2 weeks, which was significantly lower than those of groups 3-5 (pG0.05); that of group 5 was 204±34%, which was also significantly lower than that of group 3 (399±53%; p=0.042), but not different from that of group 4 (275 ± 57%; p = 0.448). The tumor-volume changes of groups 3 and 4 also were not statistically different (p=0.095). The tumor-volume changes during 2 weeks post-therapy differed among the four groups with the control group increasing the most and the combination therapy group increasing the least. This difference in change is reflected in the significant (p=0.004) interaction term. At day 35, the effect of the combination therapy was greater than the sum of the effects of the other two treatments relative to the control group (decrease of 364% vs. 319%) indicating synergy between the two treatments. Figure 3d shows the tumor volume changes versus tumor SUV mean changes over 2 weeks during therapy, and a significant correlation was detected between the two variables (p=0.002).
Histologic analysis showed the combination therapy with anti-EMMPRIN antibody and gemcitabine-reduced tumorcell proliferation but did not increase the level of apoptosis. Figure 4a shows the representative microphotographs of Ki67-stained tumor slices (5 μm thickness) of groups 3-6, while the proliferating (Ki67-stained) cells are indicated with black arrows in each subfigure. Figure 4b shows the averaged Ki67-expressed cell densities (cell number/mm 2 ) of groups 3-6 (n=5 for group 3; n=6 for groups 4-6). The Ki67-expressed cell density of group 6 (1,064±147 mm −2 ) was significantly lower than that of group 3 (560±76 mm −2 ;
p=0.008), but not different from those of groups 4 and 5.
The average density of Ki67-expressing cells of groups 4 and 5 were 31% and 21% lower than that of group 3, respectively, but not statistically significant. Figure 4c presents the positive linear relationship between the averaged Ki67-expressing cell densities and the averaged tumor SUV mean changes over 2 weeks, but the correlation was not statistically significant. The averaged apoptotic (TUNEL stained) cell densities of groups 3-6 (microphotographs are not shown) were 18±13, 17±9, 10±6, and 24±14 mm −2 , respectively, but no statistical difference was noted among the groups.
Discussion
Tumor growth was significantly suppressed by anti-EMM-PRIN monotherapy compared with the control, and synergy was demonstrated when combined with the current standard of chemotherapy. Administration of two agents having different therapeutic mechanisms may induce additional stress to the tumor cells that are resistant to a monotherapy, leading to the synergistic efficacy. Alternatively, the antiangiogenic effect of anti-EMMRPIN antibody may induce the normalization of tumor microvasculature, reducing interstitial pressure and thereby improving drug delivery [38] . Because EMMPRIN has very limited expression in normal cell types [20] , the adverse side effect of anti-EMMPRIN antibody is likely minimal. In fact, the mean body weight of animals treated with gemcitabine and anti-EMMPRIN antibody was not statistically changed during 2 weeks of therapy (p=0.707). This suggests that anti-EMMPRIN therapy may be combined with other therapeutic modalities with non-overlapping toxicities. The combined therapy significantly reduced tumor-cell proliferation, but the apparent increase in apoptotic-cell density was not statistically significant, which is consistent with the results Fig. 2. a, b In vivo SPECT/CT images (coronal view) at 4 h after intravenously injecting a Tc-99m-labeled anti-EMMPRIN antibody or b Tc-99m-labeled isotype control antibody, while tumor locations are indicated with a white arrow in each subfigure (the same color scale was applied for both the SPECT images after injected dose and radiation-decay correction). c The % of injected dose per gram (%ID/g) of liver, blood, and tumor of groups 1 and 2 injected with Tc-99m-labeled isotype control antibody or anti-EMMPRIN antibody, respectively (asterisks represent statistical difference between the two groups (pG0.05)).
of the recently published study assessing anti-EMMPRIN antibody for head and neck squamous cell carcinoma [39] . Anti-EMMPRIN therapy is cytostatic and, therefore, may work better in the adjuvant therapy setting than for the treatment of established tumors.
The mean tumor SUV (SUV mean ) for FDG was significantly reduced by combined anti-EMMPRIN antibody and gemcitabine therapy (groups 3 versus 6), with the tumor SUV mean for groups 3-6 positively correlated with the densities of Ki67-expressing (i.e., proliferating) tumor cells. Therefore, 18 F-FDG PET-CT-combined imaging of pancreatic cancer may yield a more accurate assessment of the anti-EMMPRIN therapy than CT imaging alone. While tumor SUV mean of animals injected with anti-EMMPRIN antibody (group 5) gradually increased over time, gemcitabine monotherapy reduced tumor SUV mean (group 4) about 20% for the first week but did not maintain the reduction during the second week; this may be due to the proliferation of gemcitabine-resistant cells after most cells sensitive to gemcitabine were killed during the early therapeutic response. The regrowth of tumor resistant to gemcitabine monotherapy might be prevented by additional anti- EMMPRIN therapy, as demonstrated in Fig. 3 . SUV mean quantification enabled the sensitive detection of tumor response following gemcitabine during the first week post-therapy initiation but was not demonstrable by CTbased volumetric analysis, suggesting that FDG PET may disclose a metabolic tumor response to therapy earlier than morphological imaging modalities such as CT. However, tumor SUV mean was not reduced by anti-EMMPRIN therapy; anti-EMMPRIN antibody does not directly induce the death of cancer cells and thereby cell glycolysis might not be changed. Therefore, for accurate cancer prognosis using FDG PET, the pharmacokinetics of administered drugs will need to be considered.
The averaged coefficient of variation (COV) of tumor SUV mean changes at each time point relative to day 0 was 0.47±0.04 (n=8; n=4 per each time point), which was significantly higher than that of tumor volume changes 0.28±0.03 (p=0.003). In one study, the COV of the tumor uptake of 18 F-FDG was measured as 0.15± 0.03 (n=25) [21] , which is comparable with the difference between the COVs of tumor volume and SUV mean changes in this study. Multiple factors such as fasting period, room temperature, body movement, and anesthesia duration affect blood-glucose level and thereby contribute to the variation of quantification of SUV; it was attempted to compensate for this affect on the dose uptake by measuring the blood-glucose concentration, but this was not successful [21] . Also, 18 F-FDG is accumulated in glucose-consuming cells, not proliferating cells; therefore, inflammatory cell infiltration into tumor may further reduce the reproducibility.
Conclusions
The therapeutic efficacy of anti-EMMPRIN antibody was demonstrated in an orthotopic pancreatic-tumor murine model using 18 F-FDG PET and CT combined imaging, and a synergy was measured when the therapy was combined with gemcitabine. Anti-EMMPRIN therapy with gemcitabine successfully suppressed tumor-cell proliferation without increasing apoptosis; therefore, this approach may be more effective in an adjuvant setting or preventing early tumorigenesis. These data provide support for clinical studies of anti-EMMPRIN therapy with gemcitabine for pancreatic cancer treatment and the application of PET/CT with 18 F-FDG to monitor efficacy. 
